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(54) Apparatus for the remote measurement of physical parameters ~ 

(57) Apparatus for the remote measurement of physicaiparameters comprises sensing means 1 for sensing 
one or more physical parameters, interrogation means 2 for interrogating the sensing means 1 and making a 
measurement, a cable 3 (e.g. a fibre-optic cable.) extending between the sensing means 1 and the interrogation 
means 2, a conduit 4 extending to a measurement location 5 and which is of such a cross-sectional size that it 
is able to accept the cable 3 and the sensing means 1, and cable installation means 6 for installing the sensing 
means 1 and the cable 3 through the conduit 4 and for placing the sensing means 1 at the measurement 
location 5, the cable installation means 6 being such that it includes means 7 for propelling a fluid along the 
conduit 4, and the conduit 4 being such tfat it contains a1ead-in sectiorrB for providing sufficient fluid drag on 
the cable 3 as it enters the conduit 4 from the cable installation means 6 to ensure that the sensing means 1 is 
able to be transported through the conduit 4. 
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APPARATUS FOR THE REMOTE MEASUREMENT OF 
PHYSICAL PARAMETERS 

The invention relates to apparatus for the remote measurement of physical 
parameters in which the advantages of optical fibre cables and optical fibre sensors are 
exploited for use within the oil industry. The invention has important applications for 
monitoring oil and gas reservoirs, for stack monitoring and monitoring within 
refineries. 

As oil and gas reserves have been consume d over the ye ars, the extrac tion of 
the oil and gas has become increasingly more difficult under mote demanding 
conditions. Accordingly, there is a need for the reserves to be monitored to a higher 
quality than hitherto. The potential paybtekjis reducing operating costs and increasing 
the yield from individual reservoirs. The invention also impacts on operational and 
environmental safety. 

GB-X-2284257 relates to apparatus for the remote measurement of physical 
parameters. Experience over many installations has shown that the technique is not 
always reliable especially when deploying optical fibre sensors through steel hydraulic 
control lines in oil wells w^ere the steel hydraulic control lines contain many bends and 
curves. The problem is that optical fibre cables can become stalled in the control line 
which can lead to tangling and possible destruction of the optical fibre cable in the 
hydraulic control line. 

An aim of the present invention is to improve on known apparatus by 
improving the reliability of the apparatus needed to install and retrieve an optical fibre 
sensor for the measurement of physical parameters. 

According to a non-limiting embodiment of the present invention, there is 
provided apparatus for the remote measurement of physical parameters, which 
apparatus comprises sensing means for sensing one or more physical parameters, 
interrogation means for interrogating the sensing means and making a measurement, a 
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cable for extending between the sensing means and the interrogation means, a conduit 
for extending to a measurement location and which is of such a cross-sectional size 
that it is able to accept the cable and the sensing means, and cable installation means 
for installing the sensing means and the cable through the conduit and for placing the 
sensing means at the measurement location, the cable installation means being such that 
it includes means for propelling a fluid along the conduit, and the conduit being such 
that it contains a lead-in section for providing sufficient fluid drag on the cable as it 
enters the conduit from the cable installation means to ensure that the sensing means is 
able to be transported through the conduit. v ~ — - ' - 

The sensing means may be one or kick optical fibre sensors. These optical 
fibre sensors may be sensors fo? me&susii^ temperature, distributed temperature, 
pressure, acoustic energy, electric ciirrent, magnetic field, electric field, or a 
combination thereof. 

The interrogation means may be instrumentation electronics. 

The interrogation means may bo an dectro-optic electronic readout system 
suitable for interrogating the appropriate optical fibre sensors and may include one or 
more optical fibre amplifiers, 

The cable may be one or more optical fibre cables. 

The means for propelling a fluid may be a hydraulic pump. 

The means for propelling a fluid may be a gas bottle or a compressor. 

The conduit may be high-pressure tubing with an inside diameter and pressure 
rating to make fe suitable for deploying sensors to remote locations. 

The concern may be steei hydraulic control Sine commonly used in the oil and 
gas industry having aL. external diameter of 1/8" to % /T (3mm to 19tnm). Aitenutively, 
the conduit may be coiled tubing ; ; coim&oiily used in the oil and gas industry having an 
external diameter of %" to 2" (19mm to 5Gmm) or greater. 
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The lead-in section should be long enough and straight enough so that fluid 
flow is sufficient to cause the cable and sensing means to be propelled into and 
continue to be propelled into the conduit while the fluid is flowing, without causing the 
cable to stall in the lead-in section. 

The lead-in section preferably does not contain substantial bends having bend 
radii less than 100 times the internal cross-sectional radius of the lead-in section. 

The lead-in section preferably does not contain-tends-whkltcause the cable, 
when tensioned in the conduit to engage multiple surfaces of the conduit and in which 
at least two of these surfaces are separated by & distance less than 10 times the internal 
cross-sectional diameter of the cd^ 

The lead-in section is preferably a substantially straight section of tub^ L wfoich 
is at least 2 meters long. The tubing may be a straight section of the conduit- 

The lead-in section is preferably of such a design that if the conduit is detached 

from the lead-in section, and transport of the eabl^through the lead-in section 

commenced using the cable installation means, then the cable will continue to be _ 

transported through the lead-iri sgctiiin if k ic^ilie loAd of up to 1 Ne^on is applied to 

the cable at the exit oftheleaii-in sectioh foYmorfc thaii one minute, and where the 

cable will start to tra^ cable is stalled at the exit of the 

lead-in section for more than two seconds. 

? • r The interrogation gx^. the 
serving me^, is transport meas^n^t location- ,In 

n^^jMtances^it js preferable to-remove the pable ; ingf^tign m 
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section once the sensing means is located at the measurement location, to form a seal 
around the cable where it enters or exits from the conduit, and then to connect the 
cable to the interrogation means with a separate cable specially designed for surfece 
cabling. 

In some instances, it may be preferable to pump the sensing means and the 
cable through the conduit, and then to place the conduit such that the sensing means is 
located at the measurement location An example is where the sensing means and 
cable is pumped mto the conduit and then the conduit is subsequently lowered into an 
oil well in order to take a measurement. The conduit can then be removed from the oil 
well and lowered into one or more oil wells to repeat the measurement. It will be 
appreciated that it may be preferable to weight the conduit prior to lowering it into the 
oil well. The conduit when inserted into the oil well may be configured as a single 
channel from the surface into the oil well, or may be configured such that it extends 
into the oil well and then returns back to the surface again. 

In a first embodiment of the invention, there is pro vided apparatus for the 
remote measurement of physical parameters, in which the cable installation means 
includes a lead element attached to the sensing means which ensures that the lead 
element is always able to contribute a net propelling force to avoid the sensing means 
from stalling or to overcome a temporary stalling of the sensing means while the fluid 
is flowing along the conduit. This is particularly advantageous when the sensor 
element is relatively stiff and cannot reliably circumvent bends in the conduit without 
touching the side walls of the conduit. 

In a second embodiment of the invention, there is provided apparatus for the 
remote measurement of physical parameters, which apparatus includes a first port 
where fluid enters into the conduit, and first orifice means through which the cable is 
able to be progressively pulled while deploying the sensing means, and in which the 
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orifice means is such that sufficient fluid flows through the conduit in order to 
transport the sensing means to the measurement location. 

The first orifice means may comprise a deformable insert which can be 
deformed in order to provide a close fit around the cable as it is being pulled through 
the deformable insert. Such an arrangement is commonly referred to as a stuffing box, 
and is common in the oil industry in slickline operations. 

The first orifice means may comprise a wireline injector suitably modified for 
small diameter cables such as optical fibre cables. Care must be taken with such an 
injector not to use? grease which may coat the fibre and cause it to stick to the wall of 
the conduit. 

The first orifice means may include a capillary, preferably of a material such as 
stainless steel, connected to the lead-in section through which the cable is able to be 
progressively pulled while deploying the sensing means. The capillary may preferably 
be designed to form a close fit around the cable to prevent excessive fluid escaping 
through the capillary. Its entry may preferably be shaped so as not to damage the 
cable. 

The lead-in section may include a diameter restriction in order to reduce the 
pressure of the fluid at the end of the capmary where the cable-enters into the lead-in 
section. The advantage is to reduce the ^ backward force on the cable, to increase the 
forward drag on the cable at the capillary exit, and to reduce fluid loss through the 
capillary. The diameter restriction is preferaMy designed with an adiabatieaBy reducing 
taper followed by an adiabatically increasing taper in order to nurumise the overall 
pressure loss in the lead-in section as measured after and before the diameter 
restriction means. 

In a third embodiment of the invention, there is provided apparatus for the 

remote measurement of physical parameters, whiqh apparatus includes an exit port at 
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the end of the lead-in section in order to increase the rate that fluid flows in the lead-in 
section and thus increase the fluid drag on the cable in the lead-in section. 

The exit port may include a valve which is preferably closed once the sensing 
means has reached it. 

The exit port may include a viscojet designed to ensure that the fluid flowing 
through the exit port does not create excessive turbulence in the conduit. 

In a fourth embodiment of the invention, there is provided apparatus for the 
remote me g g ^remcqi o f physical parameters, which apparaturtfKrtudes a^first port — ^ 
where the fluid enters into the lead-in section, a first orifice means and a second orifice 
means through which the cable is able to be progressively pulled while deploying the 
sensing nseans, and a second port for redusmg tfo fluid flowing through die second 
orifice mns, m which the design af the. first and seeowJ- orifice means is such that 
sufficient fluid flows through the conduit in order to transport the sensing means to the 
measurement location. 

The second port may be connected tc the means for propelling the fluid along 
the conduit. Such an arrangement is useful in oil wefl applications for reducing the risk 
of gases such as light hydrocarbons or hydrogen si*!phide or ^ther poisono us gases 
escaping from the conduit through the second orifice means. * 

The apparatus may include a plurality of orifice means, in which each orifice 
means contains at least one port for progressively reducing the fluid flowing through 
each orifice means from the conduit. The fluid flowing through each port may be 
regulated using valves or chokes. 

According to a fifth embodiment of the invention, there is provided apparatus 
for the remote measurement of physical parameters, which apparatus includes a first 
port where the fluid enters into the conduit, a first orifice means through which the 
cable may be progressively pulled while deploying the sensing means, and in which the 



cable installation means includes pay out means for controlling the rate at which the 
cable deploys. 

The pay out means is preferably controlled to limit the rate at which the cable is 
deployed, and to make the rate at which the cable is deployed independent of the fluid 
flow rate. It is important for reliable deployment to ensure that the rate at which the 
cable is deployed into the lead-in section is no greater than the rate at which the cable 
is being transported in subsequent sections of the conduit. Failure to observe this 
condition can lead to the cable "piling up" within the conduit - a condition which is 
difficult to cure. 

The pay out means may include a wheel assembly for progressively pulling the 
cable through the first orifice means. 

The pay out means may alternatively be located on the other side of the first 
orifice means and may limit the rate at which the cable is pulled through the first orifice 
means. 

According to a sixth embodiment of the invention there is provided apparatus 
for the remote measurement of physical parameters, in which the cable installation 
means includes a first port where the fluid enters into the conduit, and a sealed 
container for holding the sensing means and the cable prior to pumping the sensing ' 
means to the measurement location. 
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Embodiments of the invention will now be described solely by way of example 
and with reference to the accompanying drawing in which: 

Figure 1 is a diagram of an embodiment of the present invention; 

Figure 2 is a diagram of an embodiment of the present invention in which the 
sensing means includes a lead element; 

Figure 3 is a diagram of an embodiment of the present invention in which the 
sensing means includes a lead element; 

Figure 4 is a diagram of an embodiment of the presenHxrventse^ 
apparatus includes a first port and a first orifice means; 

Figure 5 is a diagram of an embodiment of the present invention in which the 
first orifice means is a stuffing box; 

Figure 6 is a diagram of an embodiment of the present invention in which the 
first orifice means includes a capillary; 

Figure 7 is a diagram of .«n embodiment of the present invention in which the 
apparatus includes &n exit port at £je of th^ lead-m sactbn nieans; 

Figure 8 is a diagram of an embodiment of the present invention in which the 
apparatus includes first and second orifice means; 

figure 9 is a diagram of an embodiment of the present invention in which the 
apparatus includes a second port means; 

Figure 10 as a diagram of an embodiment of the present invention in which the 
apparatus includes a pay out means; 

Figure Ilka diagram of an embodiment of the present invention in which the 
apparatus includes a pay out msans; 

Figure 12 is a diagram of an embodiment of the present invention in which the 
pay out means is not immersed in the fluid; 
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Figure 13 shows apparatus including sealed container means; 

Figure 14 shows apparatus including a sealed container and a capillary; 

Figure 15 shows apparatus including a sealed container and a pay out means; 

Figures 16 and 17 show application in oil wells; and 

Figure 18 shows application in oil refineries. 

With reference to Figure 1, there is provided apparatus for the remote 
measurement of physical parameters, which apparatus comprises sensing means 1 for 
sensing one or more physical parameters, inteirog^oirmeans 2 for interrogating the 
sensing means 1 and making a measurement, a cable 3 forextending between the sensing 
means 1 and the interrogation means 2, a conduit /* . for extending to a measurement 
location 5 and which is of such a cross-sectional size that it is able to accept the cable 3 
and the sensing means 1, and cable installation means 6 for installing the sensing mean^ „ 
1 and the cable 3 through the conduit 4 and for placing the sensing means 1 at the 
measurement location 5, the cabl^ installation means' ^ 

7 for propelling a fluid along the conduit 4, and the conduit 4 being such that h contains 
a lead-in section 8 for providing sufficient fluid dragon ths cable 3 as it enters the S 
conduit 4 from the cable installation means 6 to ensure thatihe Sensing means 1 is able to 
be transported through the conduct 4. T^cajb.l£jtis shown w^ound on a drum 9 in Figure 

1. ' " " 

Tie sensing means 1 may be any sensor, of a size and disposition that it can be 
pumped through the conduit 4. The sensing means .1 ! may be one or more optical fibre 
sensors. These optical fibre sensors may include sensors for measuring temperature, 
distributed temperature, pressure, acoustic energy, Telectric current; magnetic fieidT 
electric field, or a combination thereof. " ' : " U 

The interrogation means 2 may be m^mentation electronics/ ? ' ' ^* 

'■ • ' ' • • . : . • ■ ... . ■ ySi>-X'.w. o: iv ."v:, ~£f.i ) . ,: f ' 

','■11. iV i '"^ ^ r .. • 
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The interrogation means 2 may be an electro-optic electronic readout system 
suitable for interrogating the appropriate optical fibre sensors and may include one or 
more optical fibre amplifiers. 

The cable 3 may be one or more optical fibre cables These may be 
hermetically sealed with carbon coating, may have high-temperature coatings such as 
polyimide, or silicone or polytetrafluoroethelene, or may have combinations of these 
coatings. 

The means 7 for propelling a fluid may be a hydraulic pump, a gas bottle r a gas 
compressor, a gas compressor linked to a container of liquid, or a combination 
thereof 

Tne fluid may bs a gas such as jaitrogen or methane. 

Hie fluid may alternatively be a Jiquid such as water, a mixture of water and 
glyeel (wiaich is preferable for applications in sreas wfcare- sub-zero temperatures occur 
frequently),, a low-viscosity hydrocarbon oil, or a low-viscosity silicone or polysiloxane 
oil, or a p^Tfluorocarbon fluid. Sfficone or polysiloxane 60s or perfluorocarbon fluids 
may be preferable for Mgh-temp^rature applications where it is preferable to preveni 
water coming into contact wfeh the cable 3- Following deployment using a fluid, the 
fluid may be replaced by one or more different fluids which may be preferable for the 
long-term preservation of the sensing means 1 and the cable 3. For example, it may be 
convenient to use demoralised wate? for tlte deployment of the cable 3. The water 
can be pumped cut with an alcohol (s?i T cfc as bopropylateohol) in order to dry the 
conduit 4 out* and fben the alcohol displaced with dry nitrogen or a silicone oil. 

The .cou&ft 4 may be high-pressure tubing with an inside diameter and 
pressure ratiag tc ipj±j& k suitable for deploying sensors to remote locations. 

The conduit 4 may be stee! hydraulic contra! line commonly used in the oil and 
gas industry having an externa! dtemeter ofi/8" to % M (3mm to 19mm). Alternatively/ 
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the conduit 4 may be coiled tubing commonly used in the oil and gas industry having 
an external diameter of V" to 2" (19mm to 50mm). 

The lead-in section 8 should be long enough and straight enough so that fluid 
flow is sufficient to cause the cable 3 and sensing means 1 to be propelled into and 
continue to be propelled into the conduit 4 while the fluid is flowing without causing 
the cable 3 to "stall in the lead-in section 8, 

The lead-in section 8 shall preferably have approximately the same internal 
diameter, as tb^jw.n4uit 4_and there shaU preferabry be a smooth transition at the 
intersection between the lead-in section and the conduit 4. 

The lead-in section 8 preferably does not contain substantial bends having bend 
radii less than 100 times the internal cross-sectional radius of the lead-in section 8. 
Such bends can lead to excessive frictional forces being applied to the cable 3 while the 
fluid is flowing leading ta.^^^f^depjo^i^t.oCtlie; sen^/^eansj^ w> 

The lead-m section 8 "p^ferably does' not contain cable 3 

•-.-..V - , !■.■) ". iC 2 i''V u -.7 '.cm 

when tensioned m the : lead-in se^ surfeces o f the lead-in 

section 8 and m which' at toast two of these surfecesiare separated by a distance less 

than 10 times the internal cross-sectional diameter of the lead-in section s. 

;:"-.r-.. . ■.' j' w \i.> v i -a -.i-m-: «> < \ rtr.'.*-\-\:> 

The lead-in section 8 is preferably a substantially straight section of tubing 
which is at least 2 metersi long. The tubingteaybe a straight section of the conduit 4. 

The le^-m section 8 : is preferaBly o^ k 

detached "from the iS-m'~s^i^l&~rae tiansjorf of th^^3 r tJMfch the lead-in 

section 8 commenced using the cable installation means 6, then the cable 3 will 

* con^inue-to be transported through .tilpe^lio^dt^v^figs^f^a^^^ .^f^^^^S^^^^^-^^f^ 1 -^^^?^ to 1 
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Newton is applied to the cable 3 at the exit of the lead-in section 8 For more than one 
minute, and where the cable 3 will start to transport again if the motion of the cable 3 
is stalled at the exit of the lead-in section 8 for more than two seconds. This represents 
a good test as to whether the design of the lead-in section 8 will provide reliable 
deployments of sensors and cables. A further qualification is to attach a lm to 5m 
length of tubing of similar cross-sectional design to the conduit 4 to the lead-in section 
8 where the tubing is coiledwfth a dianKter ofarouBd lOcm'and to repeat mepullihg' 
and the stalling tests. Additional qualification would be to replicate the path which the 
conduit 4 would take over a length which contains the majority of the initial bends and 
curves in the actual installation and to repeat the pulling and the stalling tests. This 
would be particularly advantageous prior to installing u serasiug means 1 through a 
conduit 4 in an oil well because there are often sharp bends and loops within the well 
head. 

It is convenient to use hydraulic control line in the bad-in section 8. It is often 
difficult to straighten hydraulic control line perfectly if it has been previously stored in 
a coiled form. The installation of the cable 3 and sensing means 1 will be reliable 
provided that hydraulic control line is not too distorted.; For example, deployments of 
poh/imide~coated fibre cables joined to optical fibre sensors can be achieved reliably 
through W (6 mm) hydraulic control line when bends and kinks have been reduced 
such that the optica) fibre cables would not have pressed against the side walls of the 
hydraulic control Fine along a 100mm length of the hydraulic control line when the 
optical fibre cable is held straight. The fluid is preferably water and the fluid flow rate 
is preferably around 0.5 to 2 litres per minute. 
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The interrogation means 2 need not be connected to the sensing means 1 while 
the sensing means 1 is pumped through the conduit 4 to the measurement location 5. 
In many instances it is preferable to remove the cable installation means 6 and the lead- 
in section 8 once the sensing means 1 is located at the measurement location 5, form a 
seal around the cable 3 where h enters or exits from the conduit 4, and then connect 
the cable 3 to the interrogation means 2 with a separate cable specially designed for 
surface cabling. 

In some instances, it may be preferable to pump the sensing means 1 and the 
cable Ythrougfi "the conduit 4, and then to place the conduit 4 such that the sensing 
means 1 is located at the measurement location 5. An example is where the sensing 
means 1 and cable 3 is pumped into the conduit 4 (which may be hydraulic control line 
or coiled tubing) which is then subsequently lowered into an oil well in order to ta^e a 
measurement. The conduit 4 can then be removed from the oil well and lowered into 
one or more oil wells to repeat the measurwneht. It will be appreciated that it may be 
preferable to weight the conduit 4 prior to lowering it into the oU welt The conduit 4 
when inserted into the oil well may be configured as a single channel from the surface 
into the oil well, or may be configured such that it extends into the oil well and then 
returns back to the surface again. 

Figure 2 shows an embodiment of the invention; in which the cable installation 
means 6 includes a lead element 21 attached to the sensing means 1 by a second cable 
22 which ensures that the lead element 21 is always able to contribute a net propelling 
force to avoid the sensing means 1 from stalling or to overcome a temporary stalling of 
the sensing means 1 while the fluid is fiowing along the conduit 4, This is particularly 
advantageous when the sensing element 1 is relatively stiff and causes significant - 
friction as it circumvents bends in the conduit 4. The lead element F21 can either be 
attached to the sensing means 1 by the second cable 22i br be attached directly to the 
sensing means i as sho wn in Figure 3. - i 
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The lead element 2 1 may be a pig, a piston, a drone or a parachute; The lead 
element 21 is preferably designed to prevent it from stalling against the side wall of the 
conduit 4 where the conduit 4 is bent. Such a design helps prevent a common failure in 
deploying sensors through hydraulic control lines containing bends and loops. Where 
bends and loops are encountered, there is a tendency for the leading section of the 
sensing means 1 or cable 3 to stop temporarily while the cable 3 following is still 
deploying. The consequence is that the cable 3 spirals around the side waU of the 
conduit 4, a situation which can be non-recoverable. Designs of the lead element 21 
whichJceep-theleading section off the side walls o£*he conduit 4r help prevent this- 
failure mechanism. A more preferable solution is to design the conduit 4 to avoid 
sharp bends wherever possible, but this may not always be possible in well heads for 
use in the oil industry. 

The lead element 21 may also be a long length of flexible optical fibre. 

Figure 4 shows an embodiment of the invention, where the apparatus includes a 
first port 41 where the fluid enters into the lead-in section 8, and a first orifice means 
42 through which the cable 3 may be progressively pulled while deploying the sensing 
means 1 , where the first orifice means 42 is such that sufficient fluid flows through the 
conduit 4 in order to transport the sensing means 1 to the measurement location 5 . 

In order for the cable 3 to be pulled through the orifice means 42, it is 
necessary to overcome opposing forces including the repelling force from the pressure 
differential from inside the lead-in section 8 tc the ambient pressure, any frictional 
forces of the cable 3 against the first orifice means 42 or any fluid drag due to fluid 
exiting through the orifice means 42. These opposing forces are not excessive for thin 
fibre optic cables such as polyimide-coated optical fibre having an outer diameter of 
approximately 1 50um. Nevertheless, the length of the lead-in section 8 typically needs 
to be greater than around 5 meters and needs to be free of rapid undulations. Such 
rapid undulations can cause the optical fibre to press against the wall of the lead-in 
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section 8 inducing friction and also reducing the fluid drag on the optical fibre. This 
embodiment is suitable for deploying sensors through lengths of hydraulic control line 
in excess of 1 00m. It should be noted that if applications require a longer length of the 
hydraulic control line, then the applied pressure needs to be increased to maintain the 
fluid flow rate through the conduit 4. Consequently the repelling forces increase, and 
it is preferable to increase the length of the lead-in section 8 to compensate. 

The first orifice means 42 may comprise a deformable insert 5 1 as shown in 
Figure S which can be deformed in order4o provide a close fit around the cable 3 as it 
is being pulled through the deformable insert SI. The deformable insert 51 is typically 
deformed by squeezing it between first metal plate 52 and second metal plate 53 
connected by a screw thread 54. Such an arrangement is commonly referred to as a 
stuffing box, and is common in the oil industry in slickline operations. 

The first orifice means 42 may comprise a wireline injector suitably modified 
for small diameter cables such as coated optical fibres. 

The first orifice means 42 may include a capillary 61, as shown in Figure 6, 
which is connected to the conduit 4 through which the cable 3 may be progressively 
pulled while deploying the sensing means 1 The capillary 61 may preferably be 
designed to form a close fit around the cable 3 to prevent excessive fluid escaping - 
through the capillary 61 while the sensing means 1 is being deployed. The entry into 
the capillary 61 may preferably be shaped so as not to damage the cable 3. Such an 
embodiment relaxes the length requirement on the lead-in section 8. The straight 
section needs to be greater than around 4 meters for deploying typical optical fibre 
cables through V" (6mm) hydraulic control line with flow rates of around 0.5 to 2 
litres per minute. 

Figure 6 also shows a diameter restriction 62 in the lead-in section 8 in order to 
reduce the pressure of the fluid at the end of the capillary 61 where the cable 3 enters 
onto the lead-in section 8. The advantage is to reduce the backward force on the cable 



16 

3, to increase the forward drag on the cable 3 at the exit 63 of the capillary 61 , and to 
reduce fluid loss through the capillary 61 . The diameter restriction 62 is preferably 
designed with an adiabatically reducing taper followed by an adiabatically increasing 
taper in order to minimise the overall pressure loss in the lead-in section 8 as measured 
after and before the diameter restriction 62. 

Figure 7 shows an embodiment of the invention, where the apparatus includes 
an exit port 71 at the end of the lead-in section 8 in order to increase the rate that fluid 
flows in the lead-in section 8 and thus increase the fluid drag on the cable 3. This has 
the advantage of relaxing the length requirement on the lead-in section 8. 

The exit port 71 may include a vsive 72 which is preferably closed once the 
sensing means 1 has been positioned at tSte measurement location. 

The exit port 71 may include; a viscojvt (not shosra) designed to ensure that the 
fluid flowing through the exit port 7! does not create excessive turbulence in the 
conduit 4. .. . . 

Figure 8 shows an embodfossiirt of the invention, where the apparatus includes a 
first port 41 where the fluid enters into the lead-in section 8 and a first and second 
orifice means 81 and 82 through which the cable 3 may be progressively pulled while 
deploying the sensing means 1 9 where the design of the first and second orificerneahs 
8 1 and 82 is such that sufficient fluid flows through the conduit 4 in order to transport 
the sensing means 1 to the measurement location 5. A second port 83 is shown 
between the first and second orifice nfteans 81 and 82 for reducing the fluid flowing 
from the lead-in section 8 through the sesond orifice means 82 while the sensing means 
1 is transported to the measurement location 5. The fluid flowing through the second 
port 83 may be controlled using a valve 84 or a choke. 

The secoad port 83 imy be eonr*ec£ed to She smans 7 for propelling the fluid 
along the conduit 4 as shown In Figure 9. Such an arrangement is useful in oil well 
applications for reducing the risk of ^^es sv.zh ts light hydrocarbons or hydrogen 
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sulphide or other poisonous gases escaping from the conduit 4 through the second 
orifice means 82. 

The apparatus may include a plurality of orifice means 82 and in which each 
orifice means 82 contains at least one port 83 for progressively reducing the fluid 
flowing through each orifice means 82 from the lead-in section 8. The fluid flowing 
through each port 83 may be regulated using a plurality of valves 84. 

The design of the lead-in sect ion 8 should be similar to that described for 
Figure 6. 

Figure 10 shows an embodiment of the invention, where the apparatus includes 
a first port 41 where the fluid enters into the lead-in section 8, a first orifice means 42 
through which the cable 3 may be progressively pulled while depioyinig the sensing 
means 1, and where the cable installation means includes a pay out means 101 for 
controlling the rate at which the cable : i H&ploys. liie f pay out nieans : 10i^^)rises a 
powered wheel 102 arid a wheel' 103 Which grip the cable* 3 and J pulFk through J 
orifice means 42. The pay out means 101 is preferably controlled to limit the rate 1 at 
which the cable 3 is deployed, and to make the ntfe.at which the cable 3 is deployed : 
independent of .the fluid flow rate; i 1 > > Z! t *^<A twin* i >J) : > , i 

this embodiment has the advantage that^ttfe Whrols 102, 103 overcome the* 
opposing forces in the orifice means j 4& : It'is'tlierefdfe'possible to relax the length r 
r^uiinement on the lead-in section 8. The- lead-W^tion 8' should preferably be 
straight and should prefe&bly be longfcf tii&tl 3m; r ^ ^ : * 

Moreover, it is possible to deploy sensors through longer lengths of hydraulic 

* -T ; ucv. • :MJ ^ y •> '.v.-w-i a! . :'. . m >vt, c^.t • 

control line than is possible in the embodiments described in Figures 2 to 9, We have 

demonstrated deploying sensors through 10,000psi (69MPa) rated V" (6mm) hydraulic 

control line with a pressure drop per unit length as low as 0.3psi/m (2kPa/m). This 

ektr^lktes to : it ^ptoyment di3^^ll£ro\igh the cbftiuit 4 ; oif ^<)4^ ; bein^ Achievable 

witKthi^^ ' — a-^ < * ^ < 
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Figure 1 1 shows a preferred embodiment of the pay out means iOl which 
comprises a wheel 1 1 1 powered by a motor (not shown) around which the cable 3 is 
wrapped. The advantage of this approach is that the cable 3 will only be pulled 
through the first orifice means 42 if the cable 3 is tensioned by the fluid flowing in the 
conduit 4. Thus if the demand for cable 3 to be deployed stops temporarily the friction 
of the cable 3 on the wheel 1 1 1 will reduce significantly and the cable 3 will stop being 
pulled through the orifice means 42. It should be noted here that deployment will only 
start again if the lead-in section 8 is sufficiently straight and long that sufficient tension 
_can he induced in -the cable whhin-thekad-trrsection 8 byfluid drag such thatthr cable 
3 will grip the wheel 1 1 1 again. If it is found that the lead-in section 8 is not 
sufficiently long and the deployment has stalled, then h is often possible to restart 
deployment by pulsing the pressure of the fluid in the conduit 4, or by preventing 
further deployment of the cable 3 over the wheel 1 1 1 and increasing or pulsing the 
flow of fluid through the conduit 4. 

By way of example, the fluid may be water and the fir st orifice means 42 may 
be a steel capillary, 20mm long and may have an internal diameter of around 0.5mm to 
1mm, an arrangement which prevents excessive loss of fluid through the capillary and 
allows deployment over many kilometres of W hydraulic steel tubing and 800um outer 
diameter optical fibre. This implementation is attractive for deploying an optical fibre 
such as used for measuring temperature profiles with a distributed temperature sensor 
such as the York DTS 80 manufectured by York Sensors Ltd in England. Such an 
installation may be conducted by having the optical fibre wound in a container such as 
a spool or bobbin, winding h around the wheel 111, feeding a two metre length of fibre 
into the hydraulic steel tubing through the capillary, turning on a water pump to drive 
water through the conduit 4 via the first port 4i (for example a T-piece), and driving 
the wheel 1 11 to pull fibre offik* fccbbin as the fibre is deployed through the hydraulic 
tubmg. The cable ListaJL uoii mear-i; 6 may be removed takiiig care not to damage the 
optical fibre, and the optical fibre can be interfeced to the interrogation means 2 which 
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in this instance is the York DTS80. It may be convenient to seal the hydraulic tubing 
around the optical fibre in order to prevent fluid loss. In practice h is preferable to 
keep the first metre or two of the hydraulic tubing following first port 41 as straight as 
possible. 

The pay out means 101 may alternatively be located the other side of the first 
orifice means 42 as shown in Figure 12. Here the pay out means 101 comprises a 
drum 121 whose speed may be controlled by a motor (not shown). The rate of 
deployment can also be limited by a brake mechanism, a friction mechanism, or may be 
simply controlled by the operator placing his hand on the drum 12 1 to prevent the 
cable 3 and sensing means I deploying too quickly. 

Figure 1 3 shows an embodiment pf the invention where the cable installation 
means 6 includes a first port 41 where the fluid enters into the conduit 4, and a sealed 
container 131 for holding the sensing means I and the cable 3 prior tp puniping the 
sensing means 1 to the measurement location 5. The cable 3 is held pn a c^ble holder 
132 prior to deployment except for a short length of cable 3 which is introduced into 
the lead-in section 8 prior to pumping the fluid. This embodiment is preferred for 
deploying sensors into high-pressure oil or gas wells, or subsea oil and gas wells. 

The cable holder 132 may be a rotating cable drum holder which rotates as the 
cable 3 is pulled off it. The end of the cable 3 which is not being deployed through the 
conduit 4 may be connected to interrogation means 2 (not shown) through a high- 
pressure, fibre-optic rotary joint such as a Model 1 45 manufactured by Focal 
Technologies of Nova Scotia, Canada. This may be advantageous if H is desired to 
monitor the deployment of the sensing means 1 and the cable } by, for example, time 
domain reflectometry. ; , 

Optical time domain reflectometry can be used to monitor the deployment of 
optical fibre cable because of the increased attenuation, of the optical fibre cable on the 
rotating cable drum- The lower attenuation, of the optical : ^re cable which has been 
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dispensed off the cable holder 132 can be very noticeable, particularr/for muhimode 
optical fibre or monomode optical fibre operating in a regime where bend losses are 
noticeable. (These bend losses would also be noticeable in the embodiment shown in 
Figure 1 1 where the fibre cable is wrapped around the wheel 111.) 

The cable holder 1 32 may be connected to a brake mechanism (not shown) in 
order to restrain the cable 3 as it is transported through the conduit 4. The brake 
mechanism may comprise magnets acting on a copper disk to induce eddy currents and 
thereby provide resistance to the cable 3 as it is being deployed. 

The brake mechanism may be driven by an external motor (not shown) coupled 
to the cable holder 132 via a high-pressure bearing or via a magnetic clutch It is 
preferable that the motor is configured to provide constant torque (and not constant 
velocity) on the cable 3 as it is being deployed^ 

The cable holder 132 may alternatively be a cassette where the cable 3 is 
wound either on the inside of the cassette or the outside of the cassette and the cable 3 
is pulled off without rotating the cassette. Examples of such cassettes are found in 
wire guided missiles and torpedoes where it is important that communication through 
the wire is maintained after launching. 

The cable installation means 6 may include a short length of capillary 141 as 
shown in Figure 14 to provide better entrainment of the cable 3 as it enters the lead-in 
section 8. The capillary 141 is attached to the conduit 4, by means 142. 

The cable installation means 6 may also include a pay out means 1 5 1 as shown 
in Figure 15 con^rising a wheel assembly 152 housed in a pay out container 153. The 
purpose of the pay out means 1 5 1 is to control the rate at which the cable 3 enters into 
the lead-in section 8 independent of the fluid flow rate. The wheel assembly 152 may 
comprise a wheel around which the cable is wrapped. The wheel may be driven by an 
external motor which drives the wheel either through a high-pressure bearing or via a 
magnetic clutch. The friction between the wheel and the cable 3 provides the force to 
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pull the cable 3 off the cable holder 132. This friction will only be large enough to pull 
the cable 3 off the cable holder 1 32 if sufficient drag is being induced by the fluid on 
the cable 3 - particularly in the lead-in section 8 during the early stages of deployment. 
It is found that a straight lead-in section 8 of around 2m is sufficient to ensure reliable 
deployment. 

It will be appreciated that it is not always possible to provide enough space for 
a straight lead-in section 8. An alternative in these cases is to reduce the straight 
section to around 0.5m in total, and to lead it very gently into a large loop containing 
several meters of c55duit 471f the conduit 4 is */«" (6mm) hydraulic control line, then 
the minimum bend radius should be no less than around 0.5m - although a 1 m bend 
radius would be preferable. Normal plumbing practice would be to form right angle 
bends of around 1" (25mm) bend radius to provide a compact installation unit. Such 
right angle bends placed near to the first port 41 will lead to unreliable deployment of 
the cable 3 and can prevent the cable 3 from deploying. It should be noted that 
undulations in the hydraulic control line should be straightened as much as possible. 

Figure 16 shows an example of how the emrwdiment shown in Figure 4 may be 
used for deploying sensors into an oil well 1630, comprising a casing 1631, a well head 
1632, a length of production tubing 1633 through which oil flows from a reservoir (not 
shown) to the surface, and a packer 1634 for isolating the pressure from the reservoir 
from the surfitce. A hydraulic control line 1635 is strapped to the production tubing 
1633 using straps 1636. The hydraulic control line 1635 passes down the oU well 
1630, turns around at the U-bend 1637, and passes back up the oil well again. The 
hydraulic control line 1635 exits the well head 1632 via ports 1638. It is usual to find 
that the hydraulic control line 1 635 is wrapped severai times around the production 
tubing 1633 within the well head 1632, although these wraps are not shown in Figure 
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Figure 1 6 also shows the hydraulic control line 1 63 5 wrapped, around the 
production tubing 1633 several times which may be advantageous for some sensing 
applications, for example for increasing the resolution of thermal profiling. This may 
be particularly important when the oil well 1630 contains an electrically submersible 
pump which is driven by a motor. It would be advantageous to wrap the hydraulic 
control line 1 635 around both the pump and the motor in order to increase the 
effective spatial resolution of a thermal profiling sensor which may be installed into the 
hydraulic control line 1635 using the apparatus described in the present invention. 

The deployment apparatus 1610 for mstallkg sensorslhloug^Tne hydraulic ~" 
control line 1635 can be one of the preceding embodiments which must be selected ibr 
its applicability. All of these embodk onts -squire die lead-in section 8 which is shown 
separately in Figure ! 6. For example, if dt oil well 1 630 is & bw-pressure oil well, 
and the hydraulic control line 1635 is Vi" (6mm) steel hydraulic control line and is not 
too long (for example 100m) then the embodiment shown in Figure 4 can be used, with 
a lead-in section 8 of around 5m in length - the precise figure depending on the 
stiffiiess and diameter of the cable 3. However, if the length of hydraulic control line 
1635 is significantly tonger (for example 3km), then the embodiments shown in Figure 
10 to 15 are preferred. Depending on the exact embodiment, the length of the lead-in 
section 8 can then be reduced to around 2m. 

It will be appreciated that if a sensor is to measure the pressure within the 
production tubing 1633, then it is necessary to communicate pressure from the 
production tubing 1633 to the hydraulic control line 1635. This can be achieved with a 
small orifice which would preferably contain a device to restrict the flow from the 
hydraulic control l ? ne 1635 to the production tubing 1633 while the sensor is being 
installed. Alternatively, the pressure communication can be achieved with a wireline- 
deployable valve such as is known in the oil and gas industry. 
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In use, the hydraulic control line 1635 would be installed into the oil well 1630 
as the production tubing 1633 is being lowered into the ground. The installation of the 
oil well 1630 would then be completed and the sensors installed into the hydraulic 
control line 1635 at a convenient time later. This is achieved, by connecting the 
deployment apparatus 1610 to the oil well 1630 with external hydraulic control line 
1640, and pumping the sensor through the hydraulic control line 1635 and the external 
hydraulic control line 1640 using fluid. The fluid can be collected at the far end 1641 
by a vessel (hot shown) which may be designed so that the entire deployment 
apparatus ttrlO, hydraulic control line 1635-and the external hydraulic control Uqs t , ^ 
1640 is a sealed system. If a sensor were to foil during or subsequent to its installation, 
it can be pumped out of the hydraulic control line 163 5, the hydraulic control line 1635 
cleaned (for example by pumping throi^solvuTts, a plugofwire wooiora 
combination of both) and a replacement sensor installed using the deployment 
apparatus 1610. ; >■.. m^-;:^' ; - ; - ; 7 ; — - : ' : - * * 

Following the installation of the sensor, the external hydraulic conduit" 1 640 is 
removed taking care nbt to sever the fibre optfc cable, and the fibre-optic cable 
connected to the interrogation means 2 with a separate cable designed for external 
cabling. Alternatively, it may be convenient to ^nri the connection to tbe interrogation 
means 2 using fibre optic cable which is pumj^ thrbu^ hydraulic control line using 
the deployment apparatus 1610. 

In many installations, tlKe hydraulic cbhtrotliiie 1 63f5 may experience high 
pressures subsequent to the installation of the sensing means 1. In these cases, It is 
preferable id include a splice chamber (hot at or near the well head such that 

the <&ble3'to^^ hi^-pressiire fibre optic seal which in tunf'is connected 

to the ihterrbgatioh means 2 via a' separate cable. In order to gain access to the cable 3 
for fiiision ^lickig^ it is pteferabfe tli^t &e iplice chamber is of suc^V diameter that it 
can contain several meters of fibre^tic cable, ^ire-pfbofing safety requirements can 
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be satisfied by separately protecting the spUce chamber with an external casing. It will 
be appreciated that in order to gain access to the cable 3 for fusion splicing, it is 
necessary to isolate the weU pressure. This can be achieved either by pumping a 
higher-density fluid into the hydraulic control line 1635 through a port (which can be 
provided in the splice chamber), or by forming an annular seal around the fibre inside 
the conduit 4 by using, for example, a valve which contains an elastic deformable 
element. 

Figure 1 7 shows an example of ho w the deployment apparatus 1 7 1 0 shown in 
Figure 15 may be used for deploying sensors into an oil well 1730 The lead-in section 
8 is shown separately. The embodiment is particularly useful where for high-pressure 
wells, subsea wells, or wells where the length of the hydraulic conduit 1635 is very 
long (greater than 1km). Figure 17 shows the channel formed by the hydraulic conduit 
1635 penetrating the packer 1634 such that a sensing means 1 (not shown) can make 
measurements near the perforations 1733 where oU flows from the reservoir into the 
production tubing 1633. This is achieved using a packer penetrator 1 734. 

The fer end 1641 of the hydraulic conduit 1 640 is shown routed back to the 
deployment apparatus 1 7 1 0 in order to form a closed system. The deployment 
apparatus 1710 can be located on or conveniently near the well head 173 i, on a 
platform or on the sea bed. 

The designs and procedures for installing the hydraulic conduit 1635, the 
clamps 1 636, and the packer penetrators 1 734 are known in the oil industry and are 
used frequently for installing control lines either for chemical injection or for the 
hydraulic actuation of downhole valves or mechanical actuation devices used in so- 
called "smart wells" which are currently being developed by several oil-field service 
companies. Technology also exists for drilling spurs into the formation around the oil 
well 1 730 into which coiled tubing can be inserted. Such coiled tubing can contain the 
conduit 4 so that a sensing means 1 can be placed to make measurements (such as 
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acoustic, seismic, temperature or pressure) within the formation, reducing influence of 
the fluid flow in the production tubing 1633. 

It should be noted that whereas the packer penetrator 1734 is shown 
penetrating the packer 1634 directly, a channel through the packer 1634 could equally 
bypass the packer ;634 via a sleeve which could be inserted near the packer 1634 
using wireline techniques. An alternative approach would be to pump the sensing 
means 1 through channels in the casing 163 1 . 

The well showirhas a well head 173 1 similar to that^used in subsea completions 
containing stab connectors 1732 which are mated when the well head is lowered into 
place. Figure 17 also shows a packer penetrator 1734 which allows the channel 
formed by the hydraulic conduit 1635 to pass through the packer 1634. 

The deployment apparatus 1710 woukTfdso be useful for deploying sensprs ; 
into high-pressure wells, or in wells where the length of the hydraulic, control line. 1633 
is very long (500m to 3km, or up to 30km as oil-well drilling technologies improve) 

Figure 1 8 shows how a deploymerit apparatus 1 81 can be used to puhip a 
sensing means 1 (not shown) for stack monitoring in a stack 182, for process ; 
monitoring in process plant 183, or for monitoring reactions in catalytic converters; 
184. Hydraulic control lines 185 are routed up the stack 1 82 to a measurement 
location 186 where an interface (not shown) to enable the sensing means X to measure 
outputs from the stack 1 82 is required. The interface may be a thermal path for the 
measurement of temperature, or may include a window to enable optical or infra-red 
gas sensors to monitor stack emissions, or may include a sampling chamber to enable 
gas sensors (including non-optical) to monitor stack emissions. Figure 18 also shows 
the hydraulic control line 185 being routed through process vessels 188 where it forms 
loops 187 in order to increase the number of points that can be saippled by the sensing 
means 1 pumped through the hydraulic control line 1 85. The monitoring of catalytic 
converters 1 89 by forming loops 1 87 also increases the number of points that can be 
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sampled by the sensing means 1. Connectors 1810 allow the operator to select the 
hydraulic control line 185 through which the sensing means 1 is to be deployed. The 
hydraulic control line 185 can be manufactured from steel, titanium, or materials which 
are chemically inert and can withstand high pressures. 

It is to be appreciated that the embodiments of the invention described above 
with reference to the accompanying drawings have been given by way of example only 
and that modifications and additional components may be provided to enhance the 
performance of the apparatus. 
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Claims 

1 . Apparatus for the remote measurement of physical parameters, which 
apparatus comprises sensing means for sensing one or more physical parameters, 
interrogation means for interrogating the sensing means and making a measurement, a 
cable for extending between the sensing means and the interrogation means, a conduit 
for extending to a measurement location and which is of such a cross-sectional size 

r 

that it is able to accept the cable and the sensing means, and cable installation means 
for installing the sensing means and the cable through the conduit and for placing the 
sensing means at the measurement location, the cable installation means [ beirig^uchSSt 
it includes means for propelling a fluid along the conduit, and the conduit being such 
that it contains a lead-in section for providing sufficient fluid drag on the cable as it 
enters the conduit from the cable installation means to ensure that the sensing means is 
able to be transported through the conduit, 

2. Apparatus according to claim 1 in which the lead-in section does not contain 
substantial bends having bend radii less than 100 times the internal cross-sectional 
radius of the lead-in section. 

3. Apparatus according to claim 2 in which the bends do not cause the cable when 
tensioned in the conduit to engage multiple surfaces of the conduit and in which at 
least two of these surfaces are separated by a distance less than 10 times the internal 
cross-sectional diameter of the conduit. 

4. Apparatus according to claim 1 in which the lead-in section is a substantially 
straight section of tubing which is at least 2 meters long. 
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5. Apparatus according to any one of the preceding claims in which the lead-in 
section is of such a design that if the conduit is detached from the lead-in section, and 
the transport of the cable through the lead-in section commenced using the cable 
installation means, then the cable will continue to be transported through the lead-in 
section if a tensile load of up to 1 Newton is applied to the cable at the exit of the lead- 
in section for more than one minute, and where the cable will start to transport again if 

the^motion of the cable is stalled at the exit of the lead-in-section for more than two 

seconds. 

6. Apparatus according to cay one of the preceding claims in which the cable 
installation means includes a lead element attached to the sensing means. 

7. Apparatus according to any one of the preceding claims in which the cable 
installation means includes a first port where fluid enters into the conduit, and first 
orifice means through which the cable is able to be progressively pulled while 
deploying the sensing means, and in which the orifice means is such that sufficient fluid 
flows through the conduit in order to transport the sensing means. 

8. Apparatus according to claim 7 in which the first orifice means includes a 
capillary connected to the lead-in section. 

9. Apparatus according to claim 8 in which the first orifice means includes a 
diameter restriction in order to reduce the pressure of the fluid at the end of the 
capillary. 

10. Apparatus according to claim 7, claim 8 or claim 9 and including second orifice 
means, and a second port for reducing the fluid flowing through the second orifice 
means, and in which Ih.z second orifice means is such that the cable is able to be 
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progressively pulled through the second orifice means while pumping the sensing means 
to the measurement location. 

1 1 . Apparatus according to any one of claims 1 - 6 and including a plurality of 
orifice means, and in which each orifice means contains at least one port for 
progressively reducing the fluid flowing through each orifice means from the conduit. 

12. Apparatus according to any one of the preceding claims in which the cable 
installation means includes pay out means for controlling the rate at which the cable 
deploys. 

13. Apparatus according to any one of the preceding claims in which the cable 
installation means includes a sealed container for holding the sensing means and the 
cable. 

1 4. Apparatus for the remote measurement of physical parameters ^t^a^tiaUy as 
herein described with refere^^ . tCi 
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